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Determining an accurate estimation of the postmortem interval (PMI) of human 
remains is important for several reasons. First, it is used to determine whether the 
individual is recently deceased, and therefore of medicolegal concern. If so, the estimated 
PMI is used in narrowing the possible identities of the deceased. PMI can also be used in 
excluding, or convicting, a murder suspect. 
Though deviations may occur, it has been found that PMI can be calculated from 
the decomposition stages with reasonable accuracy (Galloway 1989, Megyesi 2001, 
Megyesi et al. 2005, Schiel 2008, Simmons et al. 2010). Some factors, such as low 
temperatures, desiccation, or delay of insect access have been shown to produce a 
‘minimum’ estimated PMI much shorter than the actual PMI, and this must be considered 
when estimating PMI.  
This experiment explores whether conditions exist that might cause an estimated 
PMI to significantly over-estimate the true time-since-death. The study addresses 
variables involved in decomposition of a body wrapped in plastic in early spring. It 
investigates the differences in estimated and actual PMI between six subjects, in two sets 
of three treatments:  black plastic, translucent plastic, or no plastic. PMI was calculated 
from Accumulated Degree Days (ADD) from temperatures measured both internally and 
next to the body at 30 days. These are compared with PMI calculated from Total Body 
Scores (TBS) assessed visually using Megyesi’s methodology (Megyesi 2001, Megyesi 
et al. 2005). PMI calculated from weather station data are compared with PMI from TBS 
after visual assessment of the subjects at two months.  
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The study finds that spring weather can produce a significant ‘greenhouse effect’ 
for remains wrapped in plastic. Results suggest Megyesi’s TBS method may be contra-
indicated in cases of extensive mummification, or when covering or enclosure may have 
accelerated the decomposition process by elevating temperatures or slowed it by 
excluding insects.  
In conclusion, decomposition rates are affected by variables other than time and 
recorded ambient temperature, leaving significant potential for error. Megyesi’s Total 
Body Score (TBS) method does have utility in estimating a possible postmortem interval, 
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CHAPTER 1  
INTRODUCTION AND GENERAL INFORMATION 
 
Though academic knowledge of anatomy was famously applied by Dr. Jeffries 
Wyman and a team of scientists during the notorious Parkman murder case in 1849, the 
partnership between anatomy and criminology languished until well into the twentieth 
century. Academicians believed that scientist should preserve the appearance of 
neutrality in their pursuit of knowledge, and that involvement in medicolegal applications 
would compromise this neutrality. The feeling was still strong nearly fifty years after the 
Parkman case. In 1897, physical anthropologist George Dorsey assisted the police during 
the trial of Adolph Luetgert, who was accused of murdering his wife and dissolving her 
body in a vat of potash. Though his testimony was successful, the criticism from his 
academic colleagues was so harsh that Dorsey stopped practicing physical anthropology 
altogether (Joyce and Stover 1992).  
 Despite this rocky start, by the middle of the twentieth century ‘forensic 
anthropology’ was becoming increasingly applied to both murder cases and to the 
identification of unidentified human remains. The primary application of physical 
anthropology to forensics has been in the estimation of sex, age, stature and ancestry in 
determining whether remains are, in fact, human and in estimating the minimum number 
of individuals represented by the remains. Dental characteristics, as well as congenital 
traits and traumatic history such as cleft palates or healed fractures, are also utilized in 
determination of identity (Stewart 1948). To this end, extensive effort has gone into 
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research refining these techniques, as well as to the creation of anatomical collections for 
comparison (Marks 1995, Ubelaker and Hunt 1995).  
Forensic anthropology has also become increasingly utilized in trauma analysis, 
and in the estimation of the postmortem interval (PMI), also known as the time-since-
death (TSD). The PMI is utilized, first, to determine whether the remains are of someone 
recently deceased, as in a murder victim, or older as in the case of trophy skulls from 
times past, archaeological artifacts or even remains from a vandalized cemetery 
(Berryman, et. al. 1991). It is also important in narrowing the possible pool of identities 
of the victim, as well as in excluding or convicting a murder suspect. In recent decades, 
courts have become increasingly reliant upon the testimony of experts in the sciences 
(Haack 2003) such as forensic anthropologists. The ruling in the case of Daubert v. 
Merrell-Dow Pharmaceuticals, Inc., demanding increased reliability in evidence 
presented in court (Christensen 2004), has added urgency to the need for empirical testing 
of the variables in PMI estimation (Archer 2004).  
Estimation of the PMI is accomplished through an evaluation of taphonomic 
changes that a body undergoes from the time of death until its forensic examination. 
Taphonomy is the processes an organism undergoes after death that affect differential 
preservation, and the sampling biases involved in recovery (Haglund and Sorg 1997, 
Haglund and Sorg 2002). Taphonomic factors might include anything from burning and 
carnivore activity, to bacterial decay and soil pH, to the screen size used by investigators 
in recovering bone fragments. Anything that can affect the decay rate can affect the 
estimation of the PMI. Variables that particularly affect the rate of decomposition 
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include:  temperature, insect activity, animal gnawing, trauma, moisture, etc.  
Understanding these variables, and refining the estimation of PMI, is therefore of 
considerable significance to the medicolegal process.  
This research builds on the many studies at the University of Tennessee’s 
Anthropological Research Facility undertaken to document postmortem changes and the 
effects of biotic and abiotic variables on the rate of taphonomic processes (Mann et. al. 
1990, Marks 1995, and Ubelaker and Hunt 1995). Human remains are often found 
wrapped in plastic (Komar 2003, Manheim 1997). Gardeners frequently utilize 
translucent plastic to create greenhouses, protected microenvironments that allow plants 
to not only survive but thrive in winter (Upson 2012). Does plastic, wrapped around a 
body, create a microclimate conducive to accelerated decomposition? Does a significant 
difference in the decomposition rate exist between remains wrapped in translucent vs. 
black plastic? Do these differ significantly from a control that is not wrapped in plastic?  
In addressing these questions, this study investigates whether a significant 
difference in postmortem interval (PMI) exists between six subjects, two sets of three 
treatments:  black plastic, translucent plastic, and no plastic. PMI is calculated from the 
Accumulated Degree Days (ADD). Accumulated Degree Days are calculated from 
temperatures measured internally, next to the body, and taken from a local weather 
station at the McGhee Tyson Airport in Alcoa (NWS-TYS) from February 18 through 
March 18, 2012. It also compares these PMI with that calculated from the Total Body 
Scores (TBS) assessed visually (Megyesi 2001, Megyesi et. al. 2005, Schiel 2008). And 
finally, it compares the PMI from the calculated ADD from NWS-TYS, for the two 
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months from February 18 through April 20, 2012, and the visual assessment of the six 
subjects on April 20. The null hypothesis is that there will be no statistically significant 
difference in the decomposition rate of any of the six bodies, though they are subject to 
three different variables. 
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CHAPTER 2  
POSTMORTEM EVENTS 
 
Stages of Soft Tissue Decomposition  
 Decomposition of soft tissues on human remains follows a reliable pattern of 
stages (see list on page 6). Minor deviations may occur (Megyesi 2001), however, 
plotting logADD against decomposition scores in order to compare the results of multiple 
studies in different temperatures, seasons and environments found no significant 
difference in the decomposition process as measured in Accumulated Degree Days 
(ADD) (Simmons et al. 2010). Because of this, postmortem interval (PMI), also known 
as the Time Since Death (TSD), can be calculated from these stages with reasonable 
accuracy (Galloway 1989, Megyesi 2001, Megyesi et al. 2005, Schiel 2008). In temperate 
climates, decomposition tends to involve five readily identifiable stages:  “Fresh,” 
“Bloated,” “Decay,” “Post-decay” and “Skeletal” (Galloway et. al. 1989, Lord and Goff 
2003). Galloway’s list of stages follows on the next page. 
 
The “Fresh” State:  Autolysis  
Tissue cells begin to die 4 – 6 minutes after they cease to receive oxygen 
(Brouhard 2006). At that time, decomposition begins within the cells (Vass et al. 2002). 
As pH levels drop, organelles called lysosomes begin to burst, spilling digestive enzymes  
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Categories and Stages of Decomposition  
 
A.   Fresh 
1.    Fresh, no discoloration or insect activity 
2.    Fresh burned 
 
B.    Early decomposition 
1.    Pink-white appearance with skin slippage and some hair loss 
2.    Gray to green discoloration: some flesh relatively fresh 
3.    Discoloration to brownish shades particularly at fingers, nose, and ears;  
some flesh still relatively fresh 
4.    Bloating with green discoloration 
5.    Post bloating following rupture of the abdominal gases, with discoloration  
going from green to dark 
6.    Brown to black discoloration of arms and legs; skin having leathery appearance 
 
 
C.    Advanced decomposition 
1.     Decomposition of tissues producing sagging of the flesh; caving in of the  
abdominal cavity often accompanied by extensive maggot activity 
2.     Moist decomposition in which there is bone exposure 
3.     Mummification, with some retention of internal structures 
4.     Mummification of outer tissues only with internal organs lost through  
autolysis or insect activity 
5.     Mummification with bone exposure of less than one half the skeleton 
6.      development 
 
D.     Skeletonization 
1.     Bones with greasy substances and decomposed tissue, sometimes with body  
fluids still present 
2.     Bones with desiccated tissue or mummified tissue covering less than one half  
the skeleton 
3.     Bones largely dry, but still retaining some grease 
4.     Dry bone 
 
E.     Extreme decomposition 
1.     Skeletonization with bleaching 
2.     Skeletonization with exfoliation 
3.     Skeletonization with metaphyseal loss, with long bones and cancellous  
exposure of the vertebrae 
 
(quoted from Galloway et al. 1989:609) 
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into the cell cytoplasm. This stage of decomposition is called autolysis, which means 
‘self-digestion’.  
Metabolic processes keep a living body at a relatively steady temperature. When 
these processes cease, the temperature of the body begins to drop until it reaches the 
ambient temperature. This condition is known as algor mortis and takes about 18-20 
hours to occur.  
When the heart ceases to beat, blood, being a fluid, is subject to the laws of 
gravity and flows to the lowest points in the body. This accumulation of blood causes 
livor mortis, a reddish discoloration of the skin in those areas. Signs can become visible 
as early as an hour, postmortem, and become set 2-4 hours postmortem (Goff 2009).  
Rigor mortis occurs when the body stiffens due to increased acidity causing the 
cytoplasm to gel. Typically, rigor mortis first occurs in the face within 2-6 hours of death, 
spreading to the rest of the muscles in the body over the following 4-6 hours (Gill-King 
1996). Vigorous perimortem activity can not only accelerate the onset of rigor mortis but 
alter the pattern of which muscles are first affected. Cool temperatures also accelerate its 
onset. The duration of rigor is typically 24 to 84 hours. After this period, enough cells 
have ruptured that the muscles once more soften (Goff 2009). 
The rupture of cells releases nutrient-rich fluids. Over the course of several days, 
fluid filled blisters can form (Vass 2002). Sheets of epidermis separate from the 
underlying dermis, resulting in skin slippage (Bass 1997, Goff 2009), or ‘gloving’ as it’s 
called when it occurs on the hands. The head hair generally sloughs off (Bass 1997) and 
persists as a mat (Mann et al. 1990). 
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In warm weather, insects will be attracted to the body within minutes of death or 
exposure. Masses of eggs are laid around and within exposed body openings, which can 
include wounds (Bass 1997, Goff 2009). Because maggots tend to enter the body upon 
hatching, little sign of their presence and feeding may be externally visible during this 
stage (Goff 2009).  
Carnivore scavenging may be present (Bass 1997, Komar 1998, Komar 2003, 
Mann et al. 1990, Morton and Lord 2006).  
  
The “Bloated” Stage:  Putrefaction   
 When sufficient nutrient rich fluids have been released from the rupturing cells, 
microorganisms such as fungi, bacteria and protozoa begin to catabolize the tissues into 
simpler molecules, giving off liquids and gases in the process. This is putrefaction (Gill-
King 1997, Vass et al. 2002). Symbiotic bacteria from the intestinal tract are often the 
first to begin the process of putrefaction. Anaerobic fermentation by intestinal bacteria 
produces a slurry of volatile fatty acids, and gives off gases such as hydrogen sulfide, 
sulfur dioxide, ammonia and methane which have strong odors. These gases cause 
swelling and distention of the abdomen, known as bloat. Usually the accumulated gases 
and fluids purge through the rectum, as the path of least resistance. In rare cases the 
pressure can be so great, however, that the wall of the abdomen is ruptured, causing 
postmortem damage (Clark 1997, Gill-King 1997, Miller 2002, Vass et al. 2002). The 
fluids leaching from the body by this stage are alkaline, causing the pH of the soil 
substrate to increase (Goff 2009).  
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Intestinal bacteria also invade blood vessels. This can cause a purple to greenish 
network, called marbling, which can be seen through the skin (Bass 1997). The greenish 
discoloration is due to sulfhemoglobin, formed when the hydrogen sulfide given off by 
the bacteria reacts with the blood’s hemoglobin. This discoloration can often be seen on 
the skin and areas where livor mortis has formed, and is an early sign of putrefaction 
(Clark et al. 1997, Vass et al. 2002). While gasses do accumulate in the blood vessels, 
this does not cause significant bloat in the extremities.  
By this stage, most of the fly eggs will have hatched and the maggots will be 
feeding voraciously. Maggots can be seen around the body openings, especially of the 
face. These openings may tend to become hollowed out and collapse. Most of the maggot 
activity, however, is still hidden inside the body. Between the activity of the maggots and 
the anaerobic fermentation, the internal temperature of the body may increase 
significantly above that of the immediate environment (Goff 2009). 
Animal scavenging may also be present at this stage (Bass 1997, Klippel and 
Synstelien 2007, Komar 1998, Komar 2003, Mann et al. 1990, Morton and Lord 2006). 
 
Active “Decay” Stage  
 When bloat gases purge and the body deflates, the active decay stage begins. 
Insects are active on and inside of the remains, as well as both aerobic and anaerobic 
bacteria. Proteins from muscle tissue are now breaking down, as well, and the fluids and 




 Masses of maggots are active during this stage, both in and on - and even spilling 
off of - the body. As the maggots mature, they, too, abandon the body, seeking a place to 
bury themselves and pupate. Since most of them hatched from eggs laid at about the same 
time, the maggots often appear to decamp en masse, leaving a trail of grease to show their 
direction of departure (Goff 2009). 
 Mammalian scavengers tend to avoid the body when maggot masses are active 
(Morton and Lord 2006) but birds may be attracted to the free meal represented by the 
maggots (Mann et al. 1990). 
 
The Dry Stage:  “Postdecay”   
After the departure of the maggot mass, not much remains of the body but greasy 
bones and some dried skin and connective tissues. Insects that frequent a body in this 
stage are those that feed on dry tissue, such as the Dermestidae family (Goff 2009). If 
mummification is extensive, this stage may persist for years (Mann et al. 1990). 
Once the maggot mass has departed, mammalian scavengers may return to the 
carcass (Morton and Lord 2006). 
 
The “Skeletal” Stage  
 By this point, only the hair and bones remain. In warm, humid weather, it 
generally takes about 4 weeks to reach this stage, though it has been seen to happen in as 
little as a week (Mann et al. 1990).  
During the skeletal stage, the pH of the soil slowly decreases to normal levels 
(Goff 2009), and at that time plants can return and thrive, marking the site with lush 
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growth (Hunter and Simpson 2007, Rodriguez and Bass 1985) until the enriched soil is 
depleted to that of the surroundings. 
 The bones weather, their surfaces exfoliating and gradually flaking away (Bass 
1997, Behrensmeyer, 1978). Sunlight has the greatest impact on bone weathering, as the 
surface dries and shrinks at a different rate from the underlying material. Warping also 
occurs, as the bone bends toward the side that has shrunk most from moisture loss (Byers 
2005).  
Bone scavenging may be present (Bass 1997, Byers 2005, Klippel and Synstelien 
2007, Komar 1998, Komar 2003) resulting in extensive scatter (Mann et al. 1990, Morton 
and Lord 2006).  
 
Variables affecting the rates of Decomposition 
Mann et al. (1990) identify a number of factors affecting rate of decomposition, 
and subjectively rate them by how much they appear to influence the process. The most 
influential factors, according to their list, were the temperature, accessibility by insects, 
and whether the body was buried and to what depth. These factors were closely followed 
by aridity or humidity, presence and type of trauma to the body, and whether carnivores 
or rodents had access to the remains. Rainfall, body size and weight, and embalming 
were somewhat less influential, as were clothing and the surface the body rested on.  
No variable affecting the rate of decomposition operates in isolation, however, but 
is mitigated or exacerbated by other factors in turn. High temperatures, for example, 
facilitate insect activity which has perhaps the biggest impact on decay rate. Mann et al. 
(1990) report a body being skeletalized in 7 days during hot, humid weather. Yet both 
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high and low temperatures, in the absence of humidity quickly desiccate external tissues 
and lead to mummification that can persist for centuries, even millennia (Janko et al. 
2010). 
Another such variable is embalming. Not only does embalming slow the rate of 
decomposition, it affects the pattern that decomposition follows. For example, the face is 
frequently one of the first areas to skeletalize, due to the many natural body openings on 
the head. Chemical embalming, however, is focused on the parts of the deceased that will 
be seen and recognized by viewers, especially the face. The face, then, tends to persist on 
embalmed remains. As vertebrate and insect decomposers avoid the chemically treated 
areas, those portions of the body tend to desiccate, and instead it is the legs that are the 
first to decay (Mann et al. 1990).  
 
Seasonality and Temperature:  Hot Weather 
Temperature is one of the most significant factors affecting decomposition of the 
human body (Bass 1997, Mann et al. 1990). Certainly cold weather retards the action of 
the three main agents of decomposition (insects, microorganisms and, if it is cold enough, 
the catabolic processes of autolysis) while warm weather facilitates them. Mann et al. 
(1990) documents the case, in hot weather, of a subject being completely reduced to 
skeletal elements in only 7 days.  
For temperatures of less than 8C, the development rate for maggots is generally 
so slow that for practical purposes growth has stopped. As temperatures increase up to 
30C, the development rate also increases. As temperatures rise above 30C, however, 
the rate of maggot development quickly drops to a point at which growth essentially 
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stops. For most maggots, the optimal temperature at which the growth rate is fastest is 
29C (Davidson, 1944). 
Since the activity of adult insects, as well as their reproductive cycle, is highly 
dependent upon temperature, the activities of the two might appear inextricably entwined. 
It has been observed, however, that restricting access of insects greatly reduces the decay 
process (Mann et al. 1990). And in a study that statistically compared multiple 
experiments in a variety of environments, seasons and temperatures, insect presence was 
found to be the most significant factor in the decay process (Simmons et al. 2010). 
 
Insect and Maggot Activity 
When the weather is warm enough for insects to be active, it can take only 
seconds for the first flies to arrive on a dead body (Mann et al. 1990). Blow flies and 
flesh flies are usually the first to arrive, and the female flies deposit their eggs or larvae 
inside or near the body’s openings. Usually the orifices of the head are readily available, 
while access to the rectum and genitalia may be restricted by clothing, but any trauma 
that breaks the skin will also offer ingress and attract attention. Most of the feeding takes 
place inside the body, and little sign of this activity may be visible on the surface during 
the Fresh and Bloated stages (Goff 2009). Remains that are hanging, or otherwise not in 
contact with an underlying solid surface, may become hollowed out due to maggot 
activity, while the exterior surfaces become desiccated because maggots that fall off are 
unable to re-infest (Morton and Lord 2006). Other conditions also may contribute to a 
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mummified exterior that does not inhibit the activity of maggots inside the body 
(Aturaliya and Lukasewycz 1999, Galloway et. al. 1989, Mann et al. 1990, Miller 2002). 
Masses of maggots are readily visible during active decay, and when they leave 
the body at the end of the stage, in order to pupate, they leave little behind but bone and 
desiccated tissues. Even then it is insects, especially the Dermestidae family, that finish 
off any mummified tissue and reduce the remains to bare bone (Goff 2009). Hot weather 
accelerates the decomposition process (Galloway et al. 1989), and in the presence of 
sufficient humidity a human body may reach skeletalization in as little as a week (Mann 
et al. 1990). Animal scavenging can also act to accelerate decomposition (Komar 1998, 
Galloway et al. 1989). 
 
Seasonality and Temperature:  Cold Weather 
 Depending upon the species, adult flies remain active and laying eggs into the 
mid-40s (Fahrenheit; 6-10 ºC). Lower ambient temperatures can kill eggs and maggots 
(Mann et al. 1990). The refrigerating effect can keep bodies looking fresh for an extended 
period (Galloway et. al. 1989).  
But, as in other circumstances when outside conditions are detrimental to their 
existence, in cold weather maggots tend to remain inside the body (Bass 1997). In large 
numbers, maggot and bacterial action raise the internal temperature of the body (Archer 
2004, Goff 2009, Haskell et al. 1997, Mann et al. 1990, Rodriguez and Bass 1985) so that 
decomposition can continue even in very cold conditions. Mann et al. (1990) report heat 




As the body temperature drops below freezing, the intervention of insects and 
intestinal bacteria in the decomposition process ceases. When this happens, a body may 
persist for years (Mann et al. 1990), centuries (Galloway et. al. 1989), or even millennia 
(Janko et al. 2010). When it thaws, decay can resume, with accelerated disarticulation if 
the skin hasn’t mummified and an extended ‘dry’ stage if it has. 
Once a body has frozen, rather than decomposing from the inside out through 
putrefaction by anaerobic fermentation, organisms and aerobic microorganisms are left to 
decay the body from the outside (Micozzi 1986). The skin often desiccates, and takes on 
orange and / or black coloration, persisting even after insects have eliminated any soft 
tissues that had retained moisture inside that protective shell (Mann et al. 1990). With 
dead cells no longer being shed as dander, fungi and molds can spread on the surface of 
the body (Goff 2009, Mann et al. 1990). These gradually decompose the skin, and 
eventually underlying tissues, as they grow. Micozzi (1986, 1997) does note that 
previously frozen but thawed animals showed accelerated rates of disarticulation. 
 Increased scavenging may accelerate disarticulation and decomposition of human 
remains in winter as well (Komar 1998, Bass 1997). 
 
Desiccation 
Desiccation slows decomposition by forming a hard, dry shell of the exterior 
tissues. Hanging (Morton and Lord 2006), freezing temperatures (Janko et al. 2010, 
Mann et al. 1990), direct sunlight (Mann et al. 1990, Galloway et al. 1989), wind 
(Aturaliya and Lukasewycz 1999), clothing (Aturaliya and Lukasewycz 1999, Miller 
2002), embalming (Mann et al. 1990), outdoor exposure (Galloway et al. 1989) and arid 
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conditions (Galloway et. al. 1989 ,Mann et al. 1990) are all factors conducive to 
desiccation. Conversely, this can facilitate the decomposition of the internal tissues by 
creating a shady, protected environment that retains moisture needed for maggot activity 
(Mann et al. 1990). 
Dry regions, such as deserts, whether hot or cold can mummify remains so 




Humidity decreases the chances of mummification and correlates with the activity 
of flies and maggots (Mann et al. 1990). Thus it would seem to promote decomposition. 
Too much moisture, on the other hand, promotes formation of adipocere, also known as 
‘grave wax’, through the process of saponification, which can keep bodies ‘fresh’ looking 
for decades (Trinkley and Hacker 2011, Small 2004, Pfeiffer et al. 1998). 
Adipocere 
In the presence of water and the bacterium C. perfringens [Welchii], fatty acids 
undergo a chemical transformation, called ‘saponification’ and become adipocere. This 
substance is initially soft and doughy, but becomes crumbly when dried (O’Brien and 
Kuehner 2007). Often called ‘grave wax’, it has a texture not unlike soap. Unlike soap, 
however, it does not dissolve in water, and can be a real nuisance to remove from bones. 
Because the bacteria require a temperature of 21-45ºC to flourish (O’Brien and Kuehner 
2007), its presence can be an indicator of what season a body went into the water (Cotton 
et al. 1987). Adipocere is not subject to chemical decay (O’Brien and Kuehner 2007), 
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except by gram positive bacteria (Pfeiffer et al. 1998) and can preserve a body for many 
decades (Trinkley and Hacker 2011, Small 2004, Pfeiffer et al. 1998). Adipocere can 
form on bodies that are fully or partially submerged, are buried in a waterlogged grave, or 
are wrapped in a covering that retains water. 
 
Aquatic environment 
While bodies that are floating in water will undergo the typical stages of 
decomposition (Mann et al. 1990), submerged bodies and the surfaces of a body in direct 
contact with water will be slower to decay. This is not surprising, as being submerged 
would restrict insect access. Portions exposed to the air may even reach the skeletal stage, 
while the members in the water yet look fresh. This is especially true in event of 
saponification. 
Rainfall 
Moderate to heavy rainfall can discourage the activity of flying insects, thus 
delaying deposition of more eggs. It does not, however, appear to affect maggot activity, 
as the maggots have only to retreat inside the body to continue feeding, their own activity 
creating enough heat to combat any chill from the rainfall. Rainfall was also not found to 
effect the sloughing of loosened skin (Mann et al. 1990). 
 
Trauma  
Trauma also affects the rate of decomposition. Accelerated decomposition has 
been observed in bodies with penetrating wounds which are attractive to flies (Mann et 
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al. 1990). Perimortem wounds, with evidence of blood flow, have been observed to be 
more attractive to flies than postmortem ones (Goff 2009). Gross trauma, such as 
mechanical injury, also increases the rate of decomposition (Mann et al. 1990, Micozzi 
1986, Micozzi 1997). Ice crystals forming within cells may likewise cause trauma as it 
has been observed that previously frozen but thawed animals tend to become 
disarticulated more quickly (Micozzi 1986, Micozzi 1997).  
 
Individual variation   
It might be assumed that size would matter and a small body would decompose 
more quickly than an obese one. This assumption, however, has not been supported by 
the majority of the research. Obese bodies have been found to lose body mass quickly in 
a liquefaction of body fats, resulting in fat and thin bodies decomposing at roughly the 
same rate (Mann et al. 1990). Simmons et al. (2010), in their statistical comparison of 
multiple experiments, found this to be true in cases in which insects were prevented from 
accessing the body. In the presence of insects, however, smaller bodies decomposed 
significantly faster, despite the greater number of maggots that could be supported by the 
larger body. 
Other variables being equal, decomposition rates have not been observed to differ 
significantly by sex (Mann et al. 1990). 
 
Animal activity  
Carnivore scavenging is frequently present (Bass 1997, Komar 1998, Komar 
2003, Klippel and Synstelien 2007, Byers 2005, Haglund et al. 1988) and can result in 
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extensive scatter (Haglund et al. 1989, Mann et al. 1990, Morton and Lord 2006). 
Scavenging activity may increase in cold weather (Bass 1997, Komar 1998, Miccozi 
1986).  
Both Canids and rodents, such as rats and mice, will feed on the soft tissues of a 
body, especially the face, feet, hands and abdomen. While mice and rats may carry away 
the smaller bones of the feet and hands, these can usually be found within a few feet of 
the original location, which is often marked by the hair mat long after the remains have 
been scattered. Carnivores, and dogs in particular, will not only do extensive damage to 
bones by chewing, but will carry them home with them as much as a quarter mile away 
(Mann et al. 1990). Often the hair mat can be used to pinpoint the original location of the 
body, even after the bones have been scattered (Mann et al. 1990). 
Different species leave differently patterned chew signatures. Carnivores tend to 
chew the smaller bones, as well as the ends of the long bones where the cortex isn’t too 
thick (Byers 2005, Haglund et al. 1988, Klippel and Synstelien 2007). Rodent gnawing 
on fresh bone also tends to be at the ends, where rats chew away at the cancellous bone 
with its protein-rich red marrow, leaving a ‘pedestal’ at one side still connecting the 
articular surface to the shaft. After a couple of years, as the bone dries out, it becomes 
attractive to squirrels who chew along the shaft of the bone where the cortex is thick 
(Klippel and Synstelien 2007).  
Many kinds of vertebrates may utilize a decomposing body as a food source. 
Morton and Lord (2006) observed red foxes, turkey vultures, opossums, raccoons, crows, 
and striped skunks during the course of their experiments, and report that one pig burial 
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was exhumed and carried away by scavengers. Vultures, they said, were at one point so 
numerous that they stripped a carcass in 5 days. There have been reported incidences of 
gnawing by fish, and even a beaver (Komar 1998), as well as canids (either dog, wolf, 
coyote or fox), bear, unspecified rodents, birds, and even a domestic cat (Komar 2003).  
Morton and Lord (2006) report that vertebrates did not feed on bodies while 
maggot masses were present, only before and after, but Mann et al. (1990) does report 
birds feeding on the maggots, if not the body itself. This researcher has observed dogs 




 Restricting the access of insects slows decomposition (Mann et al. 1990, 
Simmons et al. 2010), so it is unsurprising that buried remains take longer to decompose 
than those left on the surface. Microbial activity (Ayres 1960), as well as the number and 
species of active maggots (Rodriguez and Bass 1983), decreases as temperatures 
approach freezing. Though soil temperatures fluctuate near the surface (Eno 1960), 
allowing for increased microbial and even insect activity, a few feet down the 
temperature remains a steady 12ºC. Underground food storage pits have been utilized for 
centuries to take advantage of the reduced decomposition at this temperature (Gage 
2009). Buried bodies, likewise, decompose differentially according to depth of burial 
(Mann et al. 1990, Rodriguez and Bass 1985). Burials of 1 foot in depth are less likely to 
exclude insects or mammalian scavengers, and so decayed more quickly (Rodriguez and 
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Bass 1985). Bodies buried at 1 or 2 feet of depth may decompose in little over a year, or 
even less. Those buried 3 or 4 feet in depth may take many years to decompose. It has 
been noted that the temperature of remains increases slightly over that of the surrounding 
soil, due to the processes of decomposition (Mann et al. 1990). 
 The decomposition of buried remains is affected by the soil type and condition in 
which it rests (Wilson et al. 2007). The soil chemistry is, in turn, altered by the 
molecules, fluids and gases produced by the remains (Moreno et al. 2011, Rodriguez and 
Bass 1985, Wilson et al. 2007) and leading to alterations in plant growth in the vicinity 
(Hunter and Simpson 2007, Rodriguez and Bass 1985). Gases produced by buried 
remains have been utilized for discovery of remains (Statheropoulos et al. 2011, Vass et 
al. 2002, Vass et al. 2004). Probing the ground with a rod can release gases trapped in the 
soil, with the resultant odors revealing the presence and location of the grave (Owsley 
1995).  
 Rodriguez and Bass (1986) found that bodies buried in plastic wrapping had a 
high degree of preservation compared with bodies buried without wrappings. This was 
attributed to the products of decay collecting inside the plastic and preventing further 
decay. Bodies buried in plastic wrappings during the 30 years following World War II are 
still highly preserved as of this writing, and causing a shortage of cemetery plots 
available for re-use in northern Europe (Jervell 2013).  
Indoors versus Outside 
 Ritchie (2005) found that, with the exception of bodies placed in winter, bodies 
exposed out-of-doors tended to decompose at an accelerated rate over bodies indoors. 
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This was attributed to reduced insect access and humidity indoors. The body placed 
indoors in winter, on the other hand, was in a warmer environment and decomposed 
faster than that placed outside. 
Clothing 
The presence of clothing on a body can also affect decomposition rates, but it is 
apparently subject to additional, unidentified variables. Mann et al. (1990) found that 
clothing protected the body and its maggots from sunlight, thereby accelerating 
decomposition. Aturaliya and Lukasewycz (1999) maintain that clothing retards the 
process by facilitating desiccation. Miller (2002), in a year-long project repeating the 
experiment in different seasons, found that clothing retarded the process in spring and 
summer, but was not a significant variable in winter. Cahoon (1992), in an experiment 
placed in January and left for 10 months, found clothing to accelerate decay. 
Voss et al. (2011), in autumn experiments utilizing pig carcasses and repeated on 
two successive years in Australia, found that clothing allowed maggot masses to be more 
widely distributed on the surface of the carcass and prolonged the wet decay stage 
significantly over a carcass that was not clothed. 
The disparate findings with regard to whether clothing facilitates decomposition, 
or retards it through desiccation may be due to unreported humidity levels. It has been 
noted that fabric damp from rainfall or body fluids does facilitate maggot colonization 
and decomposition (Campobasso et al. 2001, Mann et al. 1990, Pohjoismäki, et al. 2010, 
Voss 2011).  
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The fastest rate of decomposition reported by Mann et al. (1990) was of remains 
left in an un-zipped plastic bag, in the shade, during hot weather. It reached 
skeletalization in a week. Is it possible that the enclosing plastic helped prevent the body 
from drying out? Did the plastic create a miniature ‘greenhouse’, providing shelter and 
facilitating growth of maggots and microorganisms?  
 
Coverings  
Coverings are commonly used in the disposal of bodies and can affect the 
decomposition process (Manheim 1997). While plastic may be the most frequently 
utilized, other coverings have included cloth, blankets, sleeping bags, tarps, burlap bags, 
and rugs (Komar 2003). Pakosh and Rogers (2009) submerged pig limbs in lake water at 
low temperatures for a couple of months. They found decay and tissue loss greatly 
retarded in the specimens enclosed in plastic as opposed to those loose in the water. 
Adipocere formation was almost nonexistent in this experiment, due to the cold 
temperatures. Mann et al. (1990) similarly found that enclosing bodies or parts in plastic 
slowed decomposition. Bodies wrapped in blankets or plastic tarps did not decompose 
significantly differently from the rate calculated by ADD, but did demonstrate some 
differences of note such as mummification from the blanket, or prolonged moist 
decomposition from the plastic tarp (Dautartas 2009).  
On the other hand, Godde (2011) found that mummified human remains, if placed 
in a heavy plastic bag in a warm area, contained enough moisture for bacterial 
decomposition to recommence and for skeletonization to occur. Mummified remains that 
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were left as controls, in situ in the environment where they had mummified, remained 
little changed throughout the study. Eno (1960) found that, even in freezing winter 
conditions, ‘incubating’ soil in plastic bags allowed for enough microbial activity to 
increase the nitrogen levels of the soil within the bag. Observations made at the 
Anthropological Research Facility have also indicated that bodies covered in black 
plastic decompose more rapidly than those left exposed, especially in a sunny location 
(Jeong 2012). 
Sun versus Shade 
Shean et al. (1993) found that a pig carcass exposed to direct sunlight decayed 
significantly faster than one left in shade, though both were in the same woodland 
environment. The difference was attributed to increased maggot activity, which was 
facilitated by the increase in temperature. Srnka (2003) found this to be true in human 
remains in the early stages of decomposition. However, mummification of external 
tissues, due to exposure to direct sun, caused decomposition to stall thereafter. 
Observations at the University of Tennessee’s Anthropological Research Facility in 
Knoxville indicate that human remains exposed in a sunny place do tend to decay rapidly 
internally, while the exterior tissues mummify and linger. Yangseung Jeong has 
observed, in working at the University of Tennessee, Knoxville’s Anthropological 
Research Facility, that when bodies placed in the same location were covered with black 





Estimating the postmortem interval  
Methods 
 The time of death can be assumed to have occurred at some point between when a 
person was last known reliably to be alive and the time the body is discovered. In order to 
determine when death occurred, it is necessary to establish the period of time from death 
to discovery, the postmortem interval. Establishment of the time of death is frequently 
necessary (Marks 1995) and used not only to help identify the deceased, but in 
establishing whether a suspected killer has an alibi (Miller 2002). Accuracy of the PMI is 
therefore critical in the legal pursuit of justice (Marks and Love 2000). 
Many clues may exist to help narrow down the PMI. Botanical evidence, such as 
leaf cover, can give evidence of the passing of seasons, indicating that the body was 
placed before autumn leaves stopped falling (Megyesi 2001). The annual rings of the 
roots of dicotyledons, such as trees and shrubs, form annual rings (Raven et al. 1999). 
Counting the annual rings of a root that has grown into a clandestine grave, or into a 
bone, would give a minimum number of years for the PMI (Vass 2001). 
Before Putrefaction  
Algor mortis or core body temperature (Nelson 2000), livor mortis, and rigor 
mortis (Miller 2002), as well as muscular reactivity and enzyme analysis (Knight 1995) can 
be used to estimate PMI during the first 24 to 48 hours. Re-establishment of rigor mortis, 
after a joint in rigor has been physically bent, has also been used (Anders et al. 2011). 
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Synovial and/or vitreous chemistry (Coe 1993, James et al. 1997, Tumram et al. 2011) 
also offer accurate estimates of PMI prior to putrefaction.  
After Putrefaction has begun  
Vass et al. (2002) found that analyzing samples of various tissues and organs 
produced estimated PMI the accuracy of which was limited only by the accuracy of 
temperature data at the crime scene.  
The soil is another source of substances for testing in search of PMI. Volatile fatty 
acids leach from the body into the soil and are reliable biomarkers with accuracy to 
within 2 days once it has been adjusted according to the beginning weight of the body 
(Vass et al. 1992). Inorganic compounds also, such as potassium, magnesium and 
calcium begin to enter the soil once remains have reached the skeletal stage, and testing 




Scavenging patterns also offer clues to PMI. Klippel and Synstelien (2007) found 
that, while rats will chew the ends of fresh long bones for their protein content, and dogs 
will chew bones at any time, squirrels are not interested in bones until they’ve been 
exposed for over a year and most of the grease leached out. Squirrels tend to gnaw the 
dense bone of the shaft of long bones, and in 9 cases out of 10 those bones had been 
exposed for more than 30 months, and the one exception had few gnaw marks. Thus, if 
human bones are found with substantive squirrel gnaw marks, the PMI could be expected 
to be greater than 30 months (Klippel and Synstelien 2007). 
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Willey and Snyder (1989) point out that scavenging alters the decomposition rate 
and insect succession, so must be taken into account when establishing PMI. Haglund et 
al. (1989) developed regression equations for determining PMI from the number of bones 
recovered, but warn it requires experts in recognizing human bone fragments, as well as 
uniform recovery efforts. 
 
Bone Weathering  
Bone weathering also gives information about the passage of time (Bass 1997, 
Byers 2005). Six stages of bone weathering have been identified, with the degree of 
exfoliation corresponding to the passage of time. Their rates are affected by local 
conditions such as temperature, humidity and soil chemistry, making them site specific 
but able to be generalized were micro-environments are similar (Behrensmeyer 1978, 
Ross and Cunningham 201). The bones of juveniles and of small animals weather more 
rapidly than that of large animals and adults, with most bones decomposing beyond 
recognition in 10 to 15 years (Behrensmeyer 1978). 
 
Entomology and Postmortem Interval Estimation   
 
Entomology is one of the best methods for estimating PMI (Anderson 1999, Vass 
et al. 2002), but it is necessary to understand the life cycle and preferences of the species 
being examined (Easton 1970, Campobasso et al. 2001). Different species of insect visit a 
decomposing body at different stages, a characteristic called ‘succession’ (Goff and 
Flynn 1991, Goff et al. 1988, Matuszewski et al. 2010a and 2010b, Matuszewski et al. 
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2011, Payne and King 1968, Rodriguez and Bass 1983, Schoenly and Reid 1987, Willey 
and Snyder 1989). Flesh flies and blow flies are quickly attracted to a fresh body, but 
have little interest once the soft tissues are removed or have become mummified. 
Dermestid beetles, on the other hand, eat only desiccated tissues (Goff et al. 1988, 
Rodriguez and Bass 1983). Even after the maggots have gone, it is possible to estimate 
the season in which a burial occurred by identifying fly pupae in the grave soil (Gilbert 
and Bass 1967).  
Blocking insect access to the remains can slow decomposition and cause 
difficulties in the estimation of postmortem interval. Plastic wrapping (Huang Na murder 
Malaysia), rice sacks (Ahmad 2011) and being indoors (Ritchie 2005) have all been 
found to delay arrival of carrion insects. To further complicate matters, one case from the 
rice sack study showed insects expected later in the succession arrived early (Ahmad 
2011).  
 
Accumulated Degree Hours (ADH)  
Once fly eggs hatch, the larvae, called maggots, go through three growth stages, 
called ‘instars’, before forming puparia the way a caterpillar forms a chrysalis. An adult 
fly then hatches from the puparium (Sukontason 2008). Larval growth takes energy, not 
only from the ingested materials but from the ambient temperature. The rate of larval 
growth, as well as of insect succession, is determined by temperature (Archer 2004) 
accumulated over time. The accumulated temperature, or Accumulated Degree Hours 
(ADH) required for a maggot to reach a certain instar, pupate or reach adulthood, varies 
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with species. The standard range of ADH is studied and documented for different species 
(Anderson 2000).  
Accumulated Degree Hours (ADH) are calculated by multiplying each hour by 
the average Celsius temperature for that hour, (minus the minimum temperature at which 
the species can remain active, and counting any resultant negative numbers as 0º) and 
adding the results together, hour by hour, until an ADH total is reached that would 
account for the age or instar of the species of maggot found on a body the day it is 
discovered (Megyesi 2001). What is gained is the minimum PMI; the least amount of 
time the body could have been dead in order for the maggots to develop to that stage. 
Factors that delay egg laying activity on the remains can produce a minimum PMI much 
shorter than the actual PMI. The error range for estimated PMI can be improved if the 
ADH is calculated for several different insect species and then compared with each other 
(Haskell et al. 1997).   
  
Accumulated Degree Days (ADD)   
Accumulated Degree Days (ADD) are calculated for insects in the same manner 
as ADH, only using the average Celsius temperature for each day rather than for each 
hour. ADD can also be used to calculate PMI for the over-all decomposition stage of a 
body. In this case, since salt concentrations in the human body allow decomposition to 
continue down to 0ºC (Vass et al. 1992), nothing needs to be subtracted from the ambient 
temperature. Any below-freezing temperatures will be added in as 0ºC (Megyesi 2001). 
Some degree of error is present in the results because heat is also produced by maggot 
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masses (Archer 2004, Goff 2009, Haskell et al. 1997, Mann et al. 1990, Rodriguez and 
Bass 1985). Other factors, such as low temperatures or desiccation, can also cause error 
in PMI. Both ADD and ADH can be calculated from the ambient Celsius temperature 
either indoors or outdoors, dependent upon where the remains are found (Megyesi 2001). 
Though minor deviations may occur (Megyesi 2001), Simmons et al. (2010) 
found no significant difference in the decomposition process as measured in ADD when 
plotting the logarithm of ADD (Accumulated Degree Days) against decomposition scores 
to compare the results of multiple studies in different temperatures, seasons and 
environments. Because of this, PMI can be calculated from the decompositional stages 
with reasonable accuracy (Galloway 1989, Megyesi 2001, Megyesi et al. 2005, Schiel 
2008). 
 
Total Body Score  
Megyesi (2001) developed a method to quantify the visual assessment of the stage 
of decomposition of human remains. The decay process of soft tissues was scored on 
different parts of the body, the Total Body Score (TBS) was calculated, and the results 
were then correlated with ADD data to establish PMI. Because decomposition does not 
affect all body parts the same way during most stages, three different scoring criteria 
were developed:  one for the trunk, one for the head and neck, and one for the limbs. If 
decomposition varied dramatically across a scoring region, an average of the two 
extremes was assigned. If what is observed does not meet the scoring criteria expected 
for that stage, the score of an earlier, more closely matching stage, is used. Testing of 
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Megyesi’s method has found it largely accurate (Parks 2011, Schiel 2008), though minor 
deviations have been noted in the duration of early events (Parks 2011). 
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CHAPTER 3  




Some factors, such as low temperatures, desiccation, or the delay of egg laying 
activity on the remains, can produce a ‘minimum’ estimated PMI much shorter than the 
actual PMI. Translucent plastic has been used to make greenhouses, to retain heat and 
increase the growing season of plants (Blom and Ingratta 1985, O'Flaherty et al. 1985, 
Germing 1985). Could similar conditions produce a ‘minimum’ estimated PMI, 
calculated from ADD using the ambient temperature, which actually over-estimates the 
true time-since-death? Since ‘black objects’ retain more heat than other colors (except 
dark green), will black plastic have an even greater effect than translucent plastic on 
estimated PMI? Will the increased humidity of a plastic-enclosed environment reduce 
mummification and facilitate decay?  
This experiment examines decomposition in cool weather of cadavers wrapped in 
translucent plastic or black plastic, with control subjects having no wrapping. It was 
carried out at the Anthropological Research Facility (ARF). This is a fenced, wooded 
area located across the river from the University of Tennessee, Knoxville’s Agricultural 
Campus, and is used for the study of human remains as they decompose in a natural 
environment.  
For the purpose of this study, the number of days when a body was exposed and 





The six test subjects utilized for this study were donated to the Forensic 
Anthropology Center, at the University of Tennessee in Knoxville, either by their own 
choice or by family members, for the purpose of scientific research in the decay facility. 
All six were of a similar size, Caucasian, were not embalmed, not autopsied, and had no 
traumatic injuries. Some were male and others female, but this has been found not to 
make a significant difference in rates of decomposition (Mann et al. 1990). Because six 
donors were needed for the project, they were collected over the course of several weeks 
and stored in chest freezers at -3º Celsius to halt autolysis and prevent decomposition. 
Prior to being placed in the freezers, the donors were fitted with identification tags which 
were cinched to an upper arm and to a thigh near the knee, blood and hair samples were 
taken for use in other projects, and their statures recorded. On Wednesday, February 15, 
2012, the six donors were removed from the freezers and allowed to thaw while still in 
their zipper-sealed plastic bags.  
On the afternoon of Friday, February 17, 2012, the donors were fitted with data 
loggers for temperature and humidity, photographed and placed:  two wrapped in black 
plastic, two in translucent plastic, and two without wrappings as controls. Two spaces 
were set aside for the project, about ten meters apart, with a gradient of about 10º. One 
individual from each of the three variable sets was placed at each of the two localities. 
The donors were placed face down, one set of three uphill from the other. The three 
individuals downhill, Individual 5, Individual 1, and Individual 2, were oriented head-to-
toe, with their heads toward the south-southwest and right sides down-slope.  The three 
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individuals uphill, Individual 6, Individual 3, and Individual 4, were in a group with the 
two in plastic (Individual 4 and Individual 6) having their heads toward the north and left 
sides down-slope, with the translucent plastic near the feet of the individual in black 
plastic. The control, Individual 4, was near the feet of the individual in translucent plastic, 
oriented with the head due east and the right side and feet slightly lower than the left.  
The four experimental subjects were each placed in approximately the center of 
ten-foot-by-ten-foot sheets of 4 mil plastic and then wrapped in it. Four-mil plastic was 
selected as being commonly used and readily available, thus a likely prospect for forensic 
settings.  
 Temperature and humidity data were recorded using Tiny Tag TGP4500 data 
loggers, produced by Gemini. These loggers are operable from -25 to +85C and 0 to 
100% relative humidity. Internal temperatures were recorded using probes inserted into 
the rectal aperture of each subject. The data logger each probe was connected to was 
suspended from a short stake driven through the plastic and into the ground, preventing 
the data loggers from coming into contact with effluvia collecting at ground level. 
Temperature and humidity loggers were likewise suspended from the same stakes (Figure 
1). Thus the ambient temperature and humidity was recorded near the skin but not in 
contact with the bodies, with the data being taken in the open air at the two controls but 
inside the plastic wrapping for the experimental subjects.  
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FIGURE 1—Photo depicting placement of data loggers. 
 
 
A chart was made of donor identification numbers and where each was placed. On 
this chart, next to the appropriate identification numbers, was documented which loggers 
were utilized for what purpose. Photographs were taken. It should be noted that, in Figure 
3, the subjects from Figure 2 are visible in the back ground, a short distance downhill. 











FIGURE 3—Photo of individuals at uphill placement site. 
 
 
The plastic wrapping was loosely folded, then, in the following manner. The 
plastic to one side of the donor was folded across the donor. The now-doubled plastic 
sheeting proximal to the donor’s head was then folded down over the body, and that near 
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the feet was folded up. The sheeting to the donor’s other side was next folded across the 
body over all the rest, and the cut edge tucked lightly under the donor’s side (see Figure 
4). It was noted that this left multiple layers of plastic and insulating air pockets between 
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During placement, it was noted that all donors were shaded in the mornings but 
exposed to full sun in the afternoon, and only crossed at times by shadows of tree limbs, 
trunks, etc. For the purpose of this study, therefore, the individuals are differentiated only 
by their type or lack of covering.  
After 30 days, on Monday, March 19, 2012, the donors were unwrapped and 
photographed. The Total Body Scores (TBS) were visually assessed, utilizing the scoring 
of Megyesi (Megyesi 2001, Megyesi et al. 2005) (see lists on pages 39-41). The data 
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loggers were removed and cleaned, and the data downloaded (graphs are in Appendix I). 
The plastic covers were laid back over the experimental subjects in only a single layer.  
More photos were taken at the end of a second month, on Friday, April 20, 2012 
after 62 days. At this time a second set of TBS evaluations was made on location. The 
photos from Day 62 were later evaluated for TBS. The data was averaged by individual 
and then analyzed using ANOVA. 
The average daily temperatures recorded for each day, from February 18, 2011 
through March 18, 2012, were added up to determine the accumulated degree days 
(ADD) for each internal and external temperature reading. Analysis of variance was then 
used to compare these and ADD from TBS scores.  
The accumulated degree days (ADD) were calculated from each data logger, as 
well as from data taken from the weather station located at the McGhee Tyson Airport in 
Alcoa. Analysis of variance was performed between the ADD calculated from logger 








(1 pt)   1. Fresh, no discoloration 
 
B. Early decomposition 
 
(2 pts)  1. Pink-white appearance with skin slippage and some hair loss. 
(3 pts)  2. Gray to green discoloration: some flesh still relatively fresh. 
(4 pts)  3. Discoloration and/or brownish shades particularly at edges, drying  
of nose, ears and lips. 
(5 pts)  4. Purging of decompositional fluids out of eyes, ears, nose, mouth,  
some bloating of neck and face may be present. 
(6 pts)  5. Brown to black discoloration of flesh. 
 
C. Advanced Decomposition 
 
(7 pts)  1. Caving in of the flesh and tissues of eyes and throat. 
(8 pts)  2. Moist decomposition with bone exposure less than one half that of  
the area being scored. 
(9 pts)  3. Mummification with bone exposure less than one half that of the  




(10 pts)  1. Bone exposure of more than half of the area being scored with  
greasy substances and decomposed tissue. 
(11 pts)  2. Bone exposure of more than half the area being scored with  
desiccated or mummified tissue. 
(12 pts)  3. Bones largely dry, but retaining some grease. 
(13 pts)  4. Dry bone. 
 
 








(1 pt)   1. Fresh, no discoloration. 
 
B. Early decomposition 
 
(2 pts)  1. Pink-white appearance with skin slippage and marbling present. 
(3 pts)  2. Gray to green discoloration: some flesh relatively fresh. 
(4 pts)  3. Bloating with green discoloration and purging of decompositional  
fluids. 
(5 pts)  4. Postbloating following release of the abdominal gases, with  
discoloration changing from green to black. 
 
C. Advanced decomposition 
 
(6 pts)  1. Decomposition of tissue producing sagging of flesh; caving in of the 
abdominal cavity. 
(7 pts)  2. Moist decomposition with bone exposure less than one half that of  
being scored. 
(8 pts)  3. Mummification with bone exposure of less than one half that of the  




(9 pts)  1. Bones with decomposed tissue, sometimes with body fluids and  
grease still present. 
(10 pts)  2. Bones with desiccated or mummified tissue covering less than one  
half of the area being scored. 
(11 pts)  3. Bones largely dry, but retaining some grease. 
(12 pts)  4. Dry bone 
________________________________________________________________________ 
 








(1 pt)   1. Fresh, no discoloration. 
 
B. Early decomposition 
 
(2 pts)  1. Pink-white appearance with skin slippage of hands and/or feet. 
(3 pts)  2. Gray to green discoloration; marbling; some flesh still relatively  
fresh. 
(4 pts)  3. Discoloration and/or brownish shades particularly at edges, drying  
of fingers,toes, and other projecting extremities. 
(5 pts)  4. Brown to black discoloration; skin having a leathery appearance. 
 
C. Advanced Decomposition 
 
(6 pts)  1. Moist decomposition with bone exposure less than one half that of  
the area being scored. 
(7 pts)  2. Mummification with bone exposure of less than one half that of the  
area being scored. 
D. Skeletonization 
 
(8 pts)  1. Bone exposure over one half the area being scored, some  
decomposed tissue and body fluids remaining. 
(9 pts)  2. Bones largely dry, but retaining some grease. 
(10 pts)  3. Dry bone. 
________________________________________________________________________ 
 








PMI for ADD calculated from data loggers and TBS were determined using daily 
temperatures from data at the National Weather Service weather station at McGhee 
Tyson Airport (see Appendix II).  
 
Calculating ADD from TBS  
To calculate accumulated degree days (ADD) from total body scores (TBS) 
Megyesi (2001) developed this equation with x = ADD and y = TBS: 
 
 
y = 6.0928 Ln(x) - 15.876 
 
            To solve this equation for x, one would add 15.876 to each side, then divide both 
sides by 6.0928. The ex key on a standard scientific calculator can then be used to 
calculate the inverse log. 
For Individual 5 at Day 30, the calculation to convert a TBS of 21 to ADD is: 
 
21 + 15.876  =  36.876  
 
36.876     =  6.052 
6.0928 




e6.052    or    6.052   inverse log  =  424.962 
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 The minimum number of accumulated degree-days that should have been 
necessary for Individual 5 to reach the stage of decomposition observed is therefore 
424.962 ADD. 
 To convert ADD to PMI, one adds the average daily temperatures in Celsius from 
a nearby source, counting backward from the discovery (see McGhee -Tyson Airport 
weather station data in Appendix II). Any days the temperature averages below 0 are 
added as ‘0’. When the accumulation of added daily average temperatures reaches the 
estimated ADD, the number of days whose temperatures were added is the number of 
days the remains are estimated to have been deceased and at that location, e.g. the PMI. 
Analysis of Variance (ANOVA) was performed. Day 30 data were analyzed using 
the JMP program. Day 62 analyses utilized the SPSS-22 program. The ANOVA 
compared the averages of groups of data to determine whether the compared variances 
were enough alike to be from the same data set. The resulting F statistic, the ratio of the 
two variances, indicates the probability of this. In reading the results, Prob > F of greater 
than 0.05 would have a probability of greater than 5% that the compared data could be 
from the same set or population. The results must therefore be less than or equal to 0.05 








30 Days after Placement:  Observations on March 19, 2012   
Individual 1:  translucent plastic downhill  
On March 19, after a month wrapped in clear plastic in the shade, this individual 
still looked nearly fresh. The feet were mostly white, with little discoloration at all. The 
overall appearance was white/pink or gray/tan, though a few small patches were a 
somewhat dry brown, or moldy (Figure 5). Little skin slippage was seen, and while the 
face was brown around the nose and mouth, and some purging was present, overall the 
head looked relatively fresh. Discoloration looked more like contusions in various stages 
of healing than like the expected gray or green of autolysis. 
Individual 1 was scored twice. The first scoring was in accordance with 
Megyesi’s (Megyesi 2001, Megyesi et al. 2005) recommendations. The second scoring 
focused on the sites of most advanced decomposition present, and scored them as a 
means of answering the question, ‘how long would the body have to have been on site for 
the most advanced decomposition present to have occurred?’ The trunk, for example, 
showed no sign of bloating or green discoloration, suggesting a score of 2 or 3. At the 
coccyx, however, the skin had turned a dark brown and split open, more in keeping with 






FIGURE 5 —Individual 1at Day 30:  translucent plastic downhill. 
 
 
No flies or maggots were in evidence around Individual 1 when the plastic was 
first opened, which was unexpected as the only fly spotted on February 17 was near this 
individual. This prompted concerns that something about the body had made it 
unattractive to flies. When the individual was swarmed by flies (Figure 5) within 10 
minutes of exposure it became apparent that the plastic had simply been wrapped too 
securely to permit access. The condition of Individual 1 was part of the reason the 







Individual 2: no plastic downhill  
Some moisture was present around head and neck of Individual 2. The skin was a 
greasy, dry mask over the face, greasy over trunk, and resembled the skin of a turkey dry-




FIGURE 6 A —Upper body of Individual 2 at Day 30:  no cover downhill. 
 
 
Note how the mummified skin provides a sheltered space for the maggots to 
hollow out the interior of the body. The skeletalization of the right arm and ribs in Figure 
6A was probably due to prolonged availability of fluids seeping from other parts of the 




FIGURE 6 B —Legs of Individual 2 at Day 30:  no cover downhill. 
 
 
Note how the mummified skin provides a sheltered space for the maggots to 
hollow out the interior of the body. The skeletalization of the right arm and ribs in figures 
6A and B was probably due to prolonged availability of fluids seeping from other parts of 
the body to the downhill side. 
 
 
Individual 3: no plastic uphill  
Maggots were especially active at the neck of the trunk and at the anus, as well as 
at the soil interface, especially uphill of the left leg which would have had less exposure 
to the sun. The face and neck were skeletal (Figure 7 A). In some places the bones were 
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not visible due to being covered by the maggot mass, but decomposition appeared to be 
advanced. Maggots were still active inside the body as well as under the head and neck. 
Bone was exposed at the neck, and maggots were coming through skin at left scapula. 
While the head, neck and right arm are mostly bare bone but for the hair mat (figure 7 A), 
the skin over the rest is dried, providing shelter for maggot activity inside the body. Once 
again the right arm, on the downhill side of the body, became skeletalized, probably due 
to availability of fluids drawn by gravity to that region (Figure 7 B). Note that the internal 
temperature probe is exposed in figures 7 B and 7 C. 
 
 
      

















Individual 4: Black plastic uphill  
Moist decomposition was still present in Individual 4, and not even the skin of 
limbs was leathery. The tissue of the trunk was mostly stained with black (Figure 8 A), 
possibly from contact with the black plastic. Other than the left foot, discussed below, the 
tissues seemed to be sagging, hanging from the bones, as with a turkey cooked in the 
steamy environment of an oven bag. The head was uphill. Fluids draining downhill were 
caught by the plastic and collected around the feet, slowing decomposition and leaving 










      
FIGURE 8 B —Legs of Individual 4 at Day 30: black plastic uphill. 
 
 
Individual 5: Black plastic downhill  
Moist decomposition was present in Individual 5 as well, with bone exposure at 
the back of the skull. Tissue at the spine appeared to be collapsing, slipping away from 
bone (Figure 9). The entire body had the sagging tissue appearance noted in Individual 4. 
Ongoing maggot activity was more pronounced on this individual than on any other. Note 
that fluid collected on the downhill side (the individual’s right), and that decomposition is 






FIGURE 9 —Individual 5 at Day 30: black plastic downhill. 
 
 
Individual 6:  translucent plastic uphill  
This individual had the greatest degree of skeletalization, but not the highest TBS 
by Megyesi’s scoring because of trapped moisture. The uphill portion of Individual 6 was 
mostly skeletal, with bone exposure at right ribs and pelvis (Figure 10). Downhill 
portions of the body were submerged in effluvia while wrapped, leading to speculation 
that adipocere formation might occur. Note the collection of fluids on the downhill side, 
and the large number of dead maggots (Figure 10). Temperatures in the last week ranged 













FIGURE 10 B —Dead maggots of Individual 6 at Day 30:  translucent plastic uphill.  
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Total Body Scores (TBS)  
 Total Body Scores (TBS) were assessed from visual observations on location. The 
criteria listed on pages 39 – 41 were utilized for these assessments. ADD were then 
calculated from TBS. The results are listed in Table 1. 
 
 
TABLE 1 —TBS scoring and ADD for Day 30, visually assessed using Megyesi’s  
method (Megyesi 2001, Megyesi et al. 2005). 
Individual Head  
and neck 
Trunk Limbs  
average 




Individual 4 10 7 6 23 590.5 Black plastic 
Individual 6 10 7 7 24 695.1 Translucent  
Individual 3 11 7 6.5 24.5 755.2 No plastic 
Individual 5 8 7 6 21 425 Black plastic 
 
Individual 1 
2 2 3 7 42.7   
Translucent  5.5* 3* 3* 11.5* 89.4* 
Individual 2 9 7 7 23 590.5 No plastic 
 
 * This individual’s appearance was so much below the expected TBS that a 





ADD Estimations for 30 Days PMI 
The accumulated degree days (ADD) for each internal and external temperature 
reading, as well as calculated from TBS, are listed in Table 2. The ADD from McGhee  
Tyson Airport (which is the nearest National Weather Service station) for February 18, 













Individual 4 409.4 464.2 590.5 Black plastic 
Individual 6 484.3 470.1 425 Translucent 
plastic 
Individual 3 361.5 383.3 695 No plastic 
Individual 5 362.7 387.6 425 Black plastic 
Individual 1 338.9 428.9 42.7 Translucent 
plastic 124.1* 
Individual 2 351.2 357.3 695 No plastic 
 
* This individual’s appearance was so much below the expected TBS that two scores 
were taken:  the overall appearance of each region, as Megyesi (Megyesi 2001, Megyesi 




PMI Estimations at 30 days 
 Average daily temperatures were then added together, counting backward from 
the date of discovery, until each given ADD was reached (see appendix II). The number 
of days necessary to reach that ADD was the estimated minimum number of days the 
body would have been expected to be exposed (Table 3). 








TABLE 3 — Chart of estimated PMI for Day 30.  















Individual 4 38 45 61 Black plastic 
Individual 6 47 46 41 Translucent 
plastic 
Individual 3 29 31 79 No plastic 
Individual 5 30 32 41 Black plastic 
Individual 1 26 41 2* Translucent 
plastic 7* 
Individual 2 28 29 79 No plastic 
 
* This individual’s appearance was so much below the expected TBS that two scores 
were taken:  the overall appearance of each region, as Megyesi (Megyesi 2001, Megyesi 




Statistical Analyses at Day 30 
30 Days - Internal 
  Analysis of Variance was performed to determine whether the estimated 
postmortem intervals (PMI) calculated from internal body temperatures for the first 30 






TABLE 4 –Day 30 ANOVA of Internal Temperature by Wrapping 
 
Source DF Sum of Squares Mean Square F Ratio 
 
Model 2 67.00000 33.5000 0.3972 
Error 3 253.00000 84.3333  
Prob > F 
C. Total 5 320.00000  0.7030 




The probability that the compared variances from internal temperatures were 
enough alike to be from the same data set were 0.7030 or 70% for the wrapping (Table 
4). This was not significant at the 0.05 or 5% level.  
 
30 Days - External 
 Analysis of Variance was performed to determine whether the estimated 
postmortem intervals (PMI) calculated from external body temperatures for the first 30 
days varied significantly due to wrappings.  
 
 
TABLE 5 –Day 30 ANOVA of External Temperature by Wrapping 
 
Source DF Sum of Squares Mean Square F Ratio 
     
Model 2 186.33333 93.1667 2.8232 
Error 3 99.00000 33.0000  
Prob > F 
C. Total 5 285.33333  0.2044 





The probability that the compared variances from the PMI calculated from 
external temperatures were enough alike to be from the same data set was 0.2044 or 20% 
for the wrapping (Table 5), which is not significant at the 0.05 or 5% level.  
 
30 Days - TBS 
Analysis of Variance was performed to determine whether the estimated 
postmortem intervals (PMI) calculated from Total Body Scores (TBS) for the first 30 
days varied significantly due to wrappings. 
 
 
TABLE 6 –Day 30 ANOVA of TBS by Wrapping 
 
Source DF Sum of Squares Mean Square F Ratio 
 
Model 2 3307.0000 1653.50 5.1645 
Error 3 960.5000 320.17  
Prob > F 
C. Total 5 4267.5000  0.1068 




The probability of 0.1068 for the type of wrapping (Table 6), while not significant 
at a 95th percentile, was of interest. This is especially so on consideration that Individual 
1 was not subjected to the same variables as the other subjects, as it was wrapped too 
closely for insects to achieve access. Had insects gained access, the estimated ADD for 
Individual 1 might be expected to be similar to that of Individual 6 (as, in fact, it did at 
day 62). This suggests that the hypothesis that decomposition will be affected by the 
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presence or absence of a plastic covering, and whether the plastic is black or translucent, 
should be further investigated. The project was therefore extended for another month. 
Humidity 
 The average relative humidity of three of the four individuals in plastic was 
mostly similar, ranging from 59 to 62 for a monthly average, which is similar to the 
ambient relative humidity. Individual 5, in fact, matched the average daily relative 
humidity from the McGhee Tyson weather station exactly. The exception was an average 
relative humidity of 85 for Individual 1, located downhill and wrapped in translucent 
plastic. Note this individual had been wrapped too securely for insects to gain access. 
This may have prevented an equalization of humidity with that of the outside air, so that 
what moisture was released from the body remained trapped. Despite the elevated 
humidity, this was the only individual not lying in a pool of fluids at the end of the first 
30 days. Those fluids were mostly released due to cell degradation from insect activity, 
which did not occur in Individual 1 during the first 30 days. 
The daily fluctuations in relative humidity were unexpected. The graphs of 
Individuals 1 (Appendix I-C) and 5 (Appendix I-E), which were located downhill in what 
might have been a somewhat shadier location, illustrate daily relative humidity scores 
with a fairly narrow range of highs and lows. On the other hand, Individuals 4 (Appendix 
I-F) and 6 (Appendix I-D), which were located uphill, demonstrate daily relative 




62 Days after placement: Observations on April 20, 2012   
 Several observations made March 19 prompted an extension of the data collection 
period. Given the condition of Individual 1 at the end of one month, it was of interest to 
discover what state it would be in at the end of a second month once flies were allowed 
access. A comparison between the controls and the plastic wrapped subjects, as they 
approached skeletalization, was also of interest. And whether individuals which had been 
wrapped in plastic demonstrated a presence of adipocere on the portions of the body that 
had been on the down-hill side, thus submerged in the effluvia that was unable to drain 
due to the plastic, would be easier to recognize once the normal processes of 
decomposition had cleared the rest of the tissue away from the bones. To this end, on 




Individual 1 at Day 62         
This was the individual that still looked fresh at the end of the first month. Note 












FIGURE 11 B —Legs of Individual 1 at Day 62:  translucent plastic downhill.  
 
 
Individual 2 at Day 62  
           While the degree of skeletalization had increased from day 30 to day 62, the actual 









Individual 3 at Day 62          
The degree of decomposition, as reflected by the TBS system, changed little from 






FIGURE 13 —Individual 3 at Day 62:  no plastic uphill. 
 
 
Individual 4 at Day 62  
 Presence of adipocere affected the TBS of this individual by clinging to bone and 
thus affecting the apparent degree of skeletalization. It also affected TBS by retaining 
moisture (Figure 14 A and B). 
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Individual 5 at Day 62  





                           
 




Individual 6 at Day 62  
Presence of adipocere affected the TBS of this individual, also, by clinging to 
bone and so affecting the apparent degree of skeletalization, as well as by retaining 











Statistical Analyses at Day 62  
Analysis Performed on Location 
Total Body Scores were evaluated on location on April 20, 2012. Although some 
minor differences existed between scores for the different portions, the composite TBS 
scoring for both controls was identical. The same was true of the two wrapped in black 
plastic, and for the two wrapped in translucent plastic. While the results of ANOVA 
performed on this data were significant, the error variance was high and further analysis 
was necessary.  
 
Analysis Performed from photos 
Due to the high error score from the analysis of data taken on-site, Total Body 
Scores (TBS) were subsequently evaluated from visual assessment of photos taken on 




TABLE 7 —TBS, ADD and PMI on day 62, assessed from photos 
 
Individual  
and type of wrapping 
 







Individual 4 Black Plastic 30 1863 149 
Individual 6 Translucent Plastic 27 1138 91 
Individual 3 No Plastic 26 966 71 
Individual 5 Black Plastic 32 2586 163 
Individual 1 Translucent Plastic 28 1341 125 




Accumulated Degree Days (ADD) and number of days for the postmortem 
interval (PMI) were calculated from the TBS scores (Table 7). The actual ADD 
calculated from McGhee-Tyson airport weather station data was 923 for Day 62. The 
number of days since placement was considered to be the postmortem interval for the 
purpose of this study, and thus was also 62. Analysis of Variance was then performed on 
the PMI scored from photos taken on day 62 (Table 8).  
 
 






Square F Sig. 
Between 
Groups 
9025.333 2 4512.667 15.454 .026 
Within Groups 876.000 3 292.000   
Total 9901.333 5    
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 The results of the ANOVA of PMI taken from TBS scored from the photos from 
day 62 was 0.026, which is significant at the 95th percentile. A graph of the postmortem 











CHAPTER 5  
DISCUSSION 
 
Decomposition Differences  
This study addresses variables involved in the decomposition of a body wrapped 
in plastic. It investigates the differences in postmortem interval (days PMI) between six 
subjects, as calculated from the Accumulated Degree Days (ADD). Temperatures used to 
calculate ADD and thus PMI for comparison, are from temperatures measured 1) 
internally, 2) next to the body, and 3) from a local weather station at the McGhee Tyson 
Airport in Alcoa, from February 18 through March 18, 2012. The study also compares 
these PMI with those calculated from the Total Body Scores (TBS), assessed visually by 
the researcher on location and from photos using Megyesi’s methodology (Megyesi 2001, 
Megyesi et al. 2005). And finally, it uses ADD from the McGhee Tyson weather station 
data (Appendix II) to estimate days of postmortem interval, then analyzes variance in 
these estimated PMI.  
 
General observations  
 Because the experiment was intended to explore the ‘greenhouse’ effect of plastic 
wrapping in cool weather, insect activity was not anticipated. Entomological data, 
therefore, was not included in the original plan. The spring, however, was unusually 
warm, and insect activity therefore had a significant impact on the decay process, as 




30 Days Observations 
On both unwrapped bodies, skeletalization occurred to the arm on the downhill 
side, probably due to prolonged availability of fluids seeping from other parts of the 
body. For wrapped bodies, however, the collection of fluid around downhill portions of 
the bodies tended to slow decomposition and cause adipocere. 
 Both bodies wrapped in black plastic showed evidence of ongoing maggot 
activity on March 19. However, Individual 5, in the downhill location, had maggots all 
over it and Individual 4, uphill, had much lower numbers of active maggots. It is to be 
noted that for the preceding week, maximum temperatures inside the downhill black 
plastic, Individual 5 (see Appendix I-E) tended to hover just under 40º C (104 º F). 
Maximum temperatures inside the uphill black plastic, Individual 4 (see Appendix I-F) 
however, tended to range around 43º C (110º F) during that time and once reached nearly 
49º C (120º F), which may have proven detrimental to the survival of the maggots. 
Investigation into the effects of sun vs. shade on plastic-wrapped remains during different 
seasons is warranted. 
 Individual 6 had the greatest degree of skeletalization, but not the highest TBS by 
Megyesi’s scoring (Megyesi 2001, Megyesi et al. 2005) since the tissues were still moist. 
This individual was wrapped in translucent plastic and placed uphill. Despite the plastic 
being translucent, temperatures were higher for this individual than even the black plastic 
(see Appendix I-D). In the last week of the experiment, temperatures inside the plastic 




62 day Observations 
Presence of moisture trapped by the plastic affected TBS. Individuals 1 
(translucent plastic downhill), 4 (black plastic uphill) and 6 (translucent plastic uphill) all 
demonstrated evidence of adipocere, which is not included in Megyesi’s TBS scoring 
system (Megyesi 2001, Megyesi et al. 2005). Inter- and intra-observer error could result 
from individual researcher interpretation of how to score adipocere. Oddly, Individual 5 
(black plastic downhill) did not appear to have developed adipocere. 
 
Effects of microclimates on PMI calculated from TBS 
 The changing season and influence of insect activity interfered with the intended 
experiment at 30 days. The data and observations, however, do demonstrate the effects 




Observations Regarding ADD and PMI Estimations at 30 days 
The temperate data and observations illustrate the complicated interactions 
between ADD and days PMI calculated from weather station data, those calculated from 
temperature data collected in the microclimates created by the presence or absence of 
different colors of plastic, and those calculated by the TBS based on the appearances of 
the individuals after 30 days.  The estimated days PMI mostly clustered around the actual 
30 days of placement (Table 3 on p. 56). The temperature data taken external to three of 
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the individuals but inside the plastic suggested an estimated PMI of nearly half again as 
long. For the individuals in plastic and in the uphill location this was true of even the 
internal temperatures. Table 9 charts what ‘Date of Death’ would be estimated, calculated 
from the various temperature data and Total Body Scores for each individual, had they 
been ‘found’ at that location on March 19, 2012. 
 
 














Individual 4 Black plastic Feb. 10 Feb. 3 Jan. 18 
Individual 6 Translucent 
plastic 
Feb. 1 Feb. 2 Feb. 7 
Individual 3 No plastic Feb. 19 Feb. 17 Dec. 31 












Individual 2 No plastic Feb. 20 Feb. 19 Dec. 31 
 
* calculated from observations of the most advanced degree of decomposition from each 
region of the body 
 
 
For Individual 1, while the PMI based on the temperatures actually recorded 
inside the plastic was 41 days, the PMI calculated from the TBS based on the appearance 
of the body was two days. Even basing the TBS on the areas of most extreme 
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decomposition for each region only suggested a PMI of seven days. This discrepancy can 
be accounted for in part by the exclusion of insects from the microenvironment. Freezing 
prior to placement had also killed the intestinal flora, thus preventing some of the normal 
processes of putrefaction (Micozzi 1986). This latter condition was mitigated through 
insect activity in the other individuals. 
Minimal sign of skin slippage at the end of the 30 days, despite 338.9 
Accumulated Degree Days inside the body, (428.9 inside the plastic wrapping,) suggests 
freezing may interfere with normal autolysis. This was unexpected, since ice crystals 
formed during the freezing process rupture cell walls. Despite any ‘greenhouse effect’ the 
plastic had on the environment Individual 1 was subject to for 30 days, had the individual 
been found at a crime scene on March 19, 2012, the PMI might well have been estimated 
at less than a week. As a minimum PMI, this estimation would not have excluded the 
actual placement date of February 17. 
 On the other hand, Individuals 2 and 3, had they been discovered on March 19, 
would have had appearances that gave a TBS estimation of PMI suggesting they’d been 
placed around New Year’s Eve, a month and a half earlier than the actual placement date. 
This is likely due to two factors. The first factor is the rapid mummification of the 
exposed skin due to the cold, exposure to open air, and 60% humidity. The other is the 
greater weight Megyesi’s scoring system (Megyesi 2001, Megyesi et al. 2005) gives to 
mummified tissue which is usually seen in the later, dry stage of decomposition. Other 
researchers have already documented the difficulties of estimating PMI on bodies found 
in cold climates (Galloway et. al. 1989, Janko et al. 2010, Mann et al. 1990). This needs 
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to be borne in mind when attempting to apply the TBS system of estimating PMI of 
mummified remains in a climate that can reach subfreezing temperatures, particularly 
since temperature data taken at and inside these individuals produced a PMI range 
suggesting placements near the actual 30 days.  
 Based on the TBS from their appearances, Individual 5 (in black plastic) and 
Individual 6 (in translucent plastic) both had PMI of 41 days, suggesting placement on 
February 7. PMI calculated from actual recorded temperatures, however, differed not 
only from this estimate but from each other. Temperatures recorded from Individual 5 
resulted in PMI estimates of 30 or 32 days, whereas temperatures from Individual 6 
would have suggested 46 or 47 days PMI.  
 For the individuals wrapped in plastic, the highest PMI based on TBS was 61 
days, suggesting a placement date of January 18 had Individual 4 been discovered on 
March 17. This is twice the actual PMI of 30 days, and longer even than the 45 days 
estimated from the temperatures recorded inside the black plastic placed uphill. Even 
temperatures recorded inside this body gave an estimated PMI of 38 days. The warmth 
and humidity due to being wrapped in black plastic in this location appear to have 
facilitated rapid decomposition in this individual. 
 It is to be noted that maximum daily external temperatures ranged mostly below 
40 degrees Celsius (below 100 degrees Fahrenheit) for most of the individuals by late in 
the first month. The exceptions to this were Individuals 4, in black plastic, and 6, in 
translucent plastic. Both were located uphill. Maximum temperatures inside the plastic 
for Individual 4 reached nearly 110 degrees Fahrenheit for most of the last week, which 
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may have contributed to increased maggot activity and the 61 day PMI estimated from 
TBS. For Individual 6, maximum temperatures inside the plastic reached nearly 120 
degrees Fahrenheit for most of the last week. This may have been too much for the 
maggots, as large numbers were found to be dead on day 30, and would account for a 
PMI estimated from TBS of only 41 days, as opposed to the 61 days of Individual 4. 
 
Observations Regarding ADD and PMI Estimations at 62 days 
 When scored on location April 20, both individuals left exposed to the elements 
had the same TBS as on day 30. Due to the increasing temperatures as the season 
changed, the PMI went from an estimated placement date, on day 30, of December 31, 
2011 (Table 9) to a PMI from the photos taken on day 62 estimating a placement date in 
March, had these individuals been ‘discovered’ on April 20 (Table 10). This latter was 
much shorter than their actual exposure time. The individuals wrapped in plastic, on the 
other hand, mostly had estimated days PMI of much longer than their actual exposure 
period. Estimated placement dates ranged into the autumn of 2011. Differences between 
the two individuals wrapped in transparent plastic were slight, considering the dramatic 
differences on day 30 when one of the individuals appeared almost fresh and the other 
was approached skeletalization. Some means of making observations at daily intervals 
without disturbing the environment should be employed in a further experiment. 
It is interesting to note that the TBS scoring based on the photos tended to be 
higher than those done at the scene, resulting in ‘Time of Death’ estimates for even 
earlier in the year (Table 10). 
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 The results for evaluations of the remains after 62 days found a better than 95 
percent probability that the different types of covering resulted in different data sets, 
indicating that the presence or absence of plastic covering, and whether that plastic was 
black or translucent, did affect the decomposition rate. This suggests that a ‘greenhouse 
effect’ can occur in warm weather for individuals covered in plastic. 
 
 
TABLE 10 — Estimated ‘Date of Death’ / Placement Dates from April 20 data: (actual 
placement Feb. 17). 
 
Individual  
and type of wrapping 
 
From TBS scored 
on location  
 
From TBS scored 
from photos 
 










































Observations Regarding Humidity 
With the individuals who were not covered, moisture was lost to the open air 
which resulted in rapid mummification of exposed tissues. This is in keeping with the 
findings of Aturaliya and Lukasewycz (1999), who found that air flow over rat carcasses 
increased the desiccation rate. The plastic wrapping around the other individuals, on the 
other hand, allowed for condensation to return to the bodies and prolong moist 
decomposition. The humidity trapped within the plastic wrapping as the cells released 
moisture during the decay process may have contributed to the prolonged moist 
decomposition and the skeletalization of the wrapped individuals by day 62, as well as to 
the presence of some adipocere. 
 
Observations Regarding the Total Body Scoring System 
Megyesi’s TBS system of estimating ADD and PMI from appearance (Megyesi 
2001, Megyesi et al. 2005) scores dry tissue as a later stage because dry decomposition 
usually follows moist decomposition. The early mummification of the control individuals 
contributed to the considerable over-estimation of PMI at day 30. It also contributed to 
the later slowing of the decomposition process and resultant underestimation of PMI at 
day 62. Most of the plastic-wrapped individuals, on the other hand, were scored lower, 
though they looked to the observer to be more greatly decomposed than the controls, due 
to the trapped humidity prolonging the moist decomposition phase. This trapped humidity 
and prolonged moist decomposition also contributed to the skeletalization of the wrapped 
individuals by day 62, as well as to the presence of some adipocere.  
78 
 
In some instances, for the moist microclimates, the descriptions on the TBS 
scoring sheets did not match what was observed, and this could caused inter- and intra-
observer error. Should the presence of adipocere be scored as if it were mummified tissue 
or as moist tissue? In the instance of bone that is completely bare and yet moist, should it 
be scored as ‘largely dry, but retaining some grease’ or as ‘dry bone’? Also, in scoring 
from photos does one score only what one can see on the surface, or is it permissible to 
score on what one can infer from experience? Remains whose exposed tissues have been 
mummified but are hollowed out by maggot activity, for example, may be expected to be 
skeletonized on the underside where the body is in contact with the ground. Taking this 
into account could affect the score. This research suggests that Megyesi’s TBS method is 
contraindicated in these circumstances, however, so the questions may be irrelevant. 
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CHAPTER 6  
CONCLUSIONS AND RECOMMENDATIONS 
  
Because the experiment was intended to explore the ‘greenhouse’ effect of plastic 
wrapping in cool weather, insect activity was not anticipated. The spring, however, was 
unusually warm, and insect activity therefore had a significant impact on the decay 
process as evidenced by comparing Individual 1 with the other subjects on Day 30. 
Future studies of this type should be prepared to collect entomological data, calculate 
postmortem-intervals from them, and compare these ADD, statistically, with the other 
measures of time-since-death. 
 That Individual 1 was yet in the ‘fresh’ stage after a month supports the finding of 
Micozzi (1986) that previously frozen bodies tend to decay aerobically and from the 
outside inward, rather than decompose by putrefaction through anaerobic fermentation 
from the inside outward. That the other subjects were, by that time, in advanced stages of 
decay supports the findings of Mann et al. (1990) and Simmons et al. (2010) that insect 
activity is the most influential single factor in the rate of decomposition. The rapid decay 
of Individual 1 during the second month, once the plastic wrapping was opened, indicates 
that the lack of insect activity during the first month was due to lack of access to the 
body, not the presence of some other deterrent.  
 Dautartas (2009) did not find significant statistical differences between the 
decomposition rates assessed using Megyesi’s TBS scoring (Megyesi 2001, Megyesi et 
al. 2005) and ADD, for a body wrapped in a blanket and one in a plastic tarp. However, 
visual differences were noted, such as mummification from the blanket, or prolonged 
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moist decomposition from the plastic tarp (Dautartas 2009). The current experiment, 
likewise, demonstrated prolonged moist decomposition in the microenvironments of the 
enclosing plastic, with mummification of exposed tissue for the control subjects exposed 
in a climate that was conducive to loss of moisture.  
 Because temperature is one of the most significant factors affecting 
decomposition of the human body (Bass 1997, Jeong 2011, Mann et al. 1990, Srnka 
2003), accumulated degree days (ADD) and Megyesi’s total body score (TBS) (Megyesi 
2001, Megyesi et al. 2005) system of evaluating the degree of decomposition generally 
provide a reasonable estimate of postmortem interval (PMI) and are simple to use (Schiel 
2008). Other factors do, however, affect the rate of decomposition and must be 
considered in a forensic setting. Some accelerate decomposition, such as the trapped heat 
and humidity of the ‘greenhouse’ of a plastic wrapped body. Others cause the premature 
appearance of a later stage of decomposition, such as early mummification due to low 
relative humidity, wind, or the wicking action of fabric. Yet again, factors such as low 
temperatures or the exclusion of insects might result in a slowing of decomposition. This 
is of concern, as estimations of minimum postmortem intervals that exclude a later actual 
date of death can interfere with identification of the deceased or even erroneously alibi a 
perpetrator.  
 Megyesi’s Total Body Score (Megyesi 2001, Megyesi et al. 2005) method of 





  Decomposition = Time + Temperature + Error 
   or 
  Decomposition = Accumulated Degree Days + Error 
  
 Based on the appearance of Individual 1 at day 30, the actual formula is: 
 
  Decomposition = Time + Temperature + insect activity + Error 
   or 
  Decomposition = Accumulated Degree Days + insect activity + Error 
 
 In most cases this would not affect the validity of Megyesi’s method (Megyesi 
2001, Megyesi et al. 2005). It should be kept in mind, however, when considering its 
application in a case where insect activity has been excluded, such as in winter, indoors, 
in a sealed container, or wrapped in some material. In such cases, the TBS method of 
PMI estimation may be contraindicated. 
 It is important to remember that ‘error’ also includes humidity and numerous 
other factors that can cause desiccation. Based on the estimated ADD of Individuals 2 
and 3 at both Day 30 and Day 62, the TBS method of estimating PMI may be 
contraindicated when large portions of the remains are mummified.  
 It should be noted, also, that moisture trapped inside the plastic increased re-
deposition of condensation on body tissues. On day 30 this resulted in prolonged moist 
decay and lower PMI estimates from TBS, because a ‘dry’ stage of decomposition 
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usually follows the moist ‘active decay’ stage, even though decomposition of those 
wrapped in plastic looked more advanced. In most cases the estimated PMI from TBS 
were, nevertheless, longer than the actual 30 days. Accumulation of fluid released by 
cellular degradation in the microenvironment may also promote humidity, condensation, 
and adipocere formation. The TBS method of estimating PMI may thus also be 
contraindicated in cases of high humidity, or in the presence of adipocere. 
 The results of this project at day 30 suggest the possibility that warmer weather 
might produce a significant ‘greenhouse’ effect. At day 62 it was found that presence or 
absence of plastic covering, and whether that plastic was black or translucent, resulted in 
significant differences in estimated PMI. The retention of heat and humidity in the plastic 
wrapping did facilitate decomposition to the point of marked differences, especially by 
the black plastic. This is in keeping with observations made by Jeong regarding 
decomposition rates of bodies under black plastic in a sunny location (personal 
communication 2011), and suggests that a ‘greenhouse effect’ could cause a ‘minimum’ 
estimated PMI, calculated from TBS and using ambient temperature records, that actually 
over-estimates the true time-since-death in warm weather for individuals covered in 
plastic. Further experimentation is warranted. But again, the TBS method of estimating 
PMI may be contraindicated when variables are present that might cause a ‘greenhouse 
affect’ in the immediate vicinity of the remains, as when plastic (especially dark-colored) 
covers the remains. 
 Not unexpectedly, the present research illuminates more questions than it 
answers. What would have been the results of the experiment had it been carried out in 
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colder weather as intended? Would a marked difference between sun and shade have had 
an effect on decomposition rates? What if individuals that had not been frozen were 
included for comparison? What effect would the exclusion of insects have had in that 
case? Considering the heat inside the plastic during the last week of the first phase of the 
experiment, what effects might be observed in summer? Most of all, the differences 
between ADD calculated from actual temperature data and those calculated from the 
appearances of the test subjects suggest the importance of relative humidity in the decay 
process is in need of further investigation. 
In conclusion, Megyesi’s Total Body Score (TBS) method of estimating 
postmortem interval (PMI) has great utility in estimating a time frame in which to look 
for evidence such as reported missing persons or a suspected perpetrator being in the 
area. Decomposition rates, however, are affected by many variables other than time and 
recorded ambient temperature. This leaves considerable room for error. It must be kept in 
mind that postmortem interval, as estimated using the Total Body Score method, is an 
estimate and subject to significant variability. Such an estimate, therefore, should not be 
used for exclusionary purposes or alibis. 
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Appendix I-L – Internal temperature graph for Individual 4 – first 30 days. 
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Appendix II:  McGhee -Tyson Airport weather station data:  Dates, 
temperatures, and calculated ADD and PMI  
Source for dates and temperatures:  http://www7.ncdc.noaa.gov/IPS/lcd/lcd.html 
 
 







from 30 days 
 
PMI 
    
12/1/11 4 916 109 
12/2/11 6 912 108 
12/3/11 7 906 107 
12/4/11 9 899 106 
12/5/11 15 890 105 
12/6/11 13 875 104 
12/7/11 6 862 103 
 12/8/11 3 856 102 
12/9/11 3 853 101 
12/10/11 3 850 100 
12/11/11 3 847 99 
12/12/11 6 844 98 
12/13/11 10 838 97 
12/14/11 12 828 96 
12/15/11 14 816 95 
12/16/11 9 802 94 
12/17/11 3 793 93 
12/18/11 3 790 92 
12/19/11 6 787 91 
12/20/11 9 781 90 
12/21/11 14 772 89 
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12/22/11 13 758 88 
12/23/11 8 745 87 
12/24/11 6 737 86 
12/25/11 6 731 85 
12/26/11 3 725 84 
12/27/11 6 722 83 
12/28/11 4 716 82 
12/29/11 5 712 81 
12/30/11 11 707 80 
12/31/11 9 696 79 
1/1/12 9 687 78 
1/2/12 1 678 77 
1/3/12 0 677 76 
1/4/12 0 677 75 
1/5/12 5 677 74 
1/6/12 7 672 73 
1/7/12 13 665 72 
 1/8/12 9 652 71 
1/9/12 9 643 70 
1/10/12 9 634 69 
1/11/12 11 625 68 
1/12/12 5 614 67 
1/13/12 0 609 66 
1/14/12 1 609 65 
1/15/12 2 608 64 
1/16/12 6 606 63 















    
1/18/12 2 589 61 
1/19/12 1 587 60 
1/20/12 6 586 59 
1/21/12 9 580 58 
1/22/12 9 571 57 
1/23/12 14 562 56 
1/24/12 9 548 55 
1/25/12 9 539 54 
1/26/12 13 530 53 
1/27/12 9 517 52 
1/28/12 6 508 51 
1/29/12 1 502 50 
1/30/12 7 501 49 
1/31/12 9 494 48 
2/1/12 11 485 47 
2/2/12 13 474 46 
2/3/12 9 461 45 
2/4/12 9 452 44 
2/5/12 11 443 43 
2/6/12 7 432 42 
2/7/12 6 425 41 
 2/8/12 7 419 40 
2/9/12 4 412 39 
2/10/12 3 408 38 
2/11/12 0 405 37 
2/12/12 0 405 36 
2/13/12 0 405 35 
2/14/12 6 405 34 
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2/15/12 8 399 33 
2/16/12 12 391 32 
2/17/12 11 379 31 
 2/18/12 11 368 30 
2/19/12 6 357 29 
2/22/12 9 337 26 
2/23/12 18 328 25 
2/24/12 13 310 24 
2/25/12 4 297 23 
2/26/12 6 293 22 
2/27/12 11 287 21 
2/28/12 12 276 20 
2/29/12 18 264 19 
3/1/12 14 246 18 
3/2/12 15 232 17 
3/3/12 10 217 16 
3/4/12 5 207 15 
3/5/12 6 202 14 
3/6/12 7 196 13 
3/7/12 12 189 12 
3/8/12 16 177 11 
3/9/12 9 161 10 
3/10/12 9 152 9 
3/11/12 11 143 8 
3/12/12 16 132 7 
3/13/12 19 116 6 
3/14/12 19 97 5 
3/15/12 20 78 4 
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from 30 days 
 
PMI 
    
3/16/12 19 58 3 
3/17/12 18 39 2 














    
9/2/11 84 6657 231 
9/3/11 84 6573 230 
9/4/11 78 6489 229 
9/5/11 67 6411 228 
9/6/11 69 6344 227 
9/7/11 65 6275 226 
9/8/11 64 6210 225 
9/9/11 65 6146 224 
9/10/11 66 6079 223 
9/11/11 70 6013 222 
9/12/11 72 5943 221 
9/13/11 73 5871 220 
9/14/11 73 5798 219 
9/15/11 64 5725 218 
9/16/11 60 5661 217 
9/17/11 68 5601 216 
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9/18/11 70 5533 215 
9/19/11 68 5463 214 
9/20/11 71 5395 213 
9/21/11 75 5324 212 
9/22/11 74 5249 211 
9/23/11 68 5175 210 
 9/24/11 68 5107 209 
 9/25/11 69 5039 208 
 9/26/11 75 4970 207 
 9/27/11 66 4895 206 
 9/28/11 67 4829 205 
 9/29/11 70 4862 204 
 9/30/11 61 4792 203 
10./1/11 52 4741 202 
 10/2/11 53 4689 201 
 10/3/11 54 4636 200 
 10/4/11 60 4582 199 
 10/5/11 65 4522 198 
 10/6/11 67 4457 197 
 10/7/11 66 4390 196 
 10/8/11 63 4324 195 
 10/9/11 61 4261 194 
10/10/11 69 4200 193 
10/11/11 63 4131 192 
10/12/11 63 4068 191 
10/13/11 65 4005 190 
10/14/11 63 3940 189 
10/15/11 60 3977 188 
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10/16/11 61 3917 187 
10/17/11 70 3856 186 
10/18/11 68 3786 185 
10/19/11 54 3718 184 
10/20/11 48 3664 183 
10/21/11 52 3616 182 
10/22/11 50 3564 181 
10/23/11 52 3514 180 
10/24/11 59 3462 179 
10/25/11 60 3403 178 
10/26/11 61 3343 177 
10/27/11 57 3282 176 
10/28/11 46 3225 175 
10/29/11 47 3179 174 
10/30/11 47 3102 173 
10/31/11 47 3055 172 
 11/3/11 50 2909 169 
 11/4/11 50 2859 168 
 11/5/11 48 2809 167 
 11/6/11 48 2761 166 
 11/7/11 53 2713 165 
 11/8/11 55 2660 164 
 11/9/11 56 2605 163 
11/10/11 47 2549 162 
11/11/11 39 2502 161 
11/12/11 47 2463 160 
11/13/11 56 2416 159 
11/14/11 68 2360 158 
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11/15/11 67 2292 157 
11/16/11 61 2225 156 
11/17/11 41 2164 155 
11/18/11 40 2123 154 
11/19/11 48 2083 153 
11/20/11 58 2041 152 
11/21/11 62 1983 151 
11/22/11 65 1921 150 
11/23/11 52 1856 149 
11/24/11 46 1804 148 
11/25/11 46 1758 147 
11/26/11 51 1712 146 
11/27/11 62 1661 145 
11/28/11 50 1599 144 
11/29/11 40 1549 143 
11/30/11 38 1509 142 
12/1/11 4 1471 141 
12/2/11 6 1467 140 
12/3/11 7 1461 139 
12/4/11 9 1454 138 
12/5/11 15 1445 137 
12/6/11 13 1430 136 
12/7/11 6 1417 135 
 12/8/11 3 1411 134 
12/9/11 3 1408 133 
12/10/11 3 1405 132 
12/11/11 3 1402 131 
12/12/11 6 1399 130 
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12/13/11 10 1393 129 
12/14/11 12 1383 128 
12/15/11 14 1371 127 
12/16/11 9 1357 126 
12/17/11 3 1348 125 
12/18/11 3 1345 124 
12/19/11 6 1342 123 
12/20/11 9 1336 122 
12/21/11 14 1327 121 
12/22/11 13 1313 120 
12/23/11 8 1300 119 
12/24/11 6 1292 118 
12/25/11 6 1286 117 
12/26/11 3 1280 116 
12/27/11 6 1277 115 
12/28/11 4 1271 114 
12/29/11 5 1267 113 
12/30/11 11 1262 112 
12/31/11 9 1251 111 
1/1/12 9 1242 110 
1/2/12 1 1233 109 
1/3/12 0 1232 108 
1/4/12 0 1232 107 
1/5/12 5 1232 106 
1/6/12 7 1227 105 
1/7/12 13 1220 104 
 1/8/12 9 1207 103 
1/9/12 9 1198 102 
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1/10/12 9 1189 101 
1/11/12 11 1180 100 
1/12/12 5 1169 99 
1/13/12 0 1164 98 
1/14/12 1 1164 97 
1/15/12 2 1163 96 
1/16/12 6 1161 95 
1/17/12 11 1155 94 
1/18/12 2 1144 93 
1/19/12 1 1142 92 
1/20/12 6 1141 91 
1/21/12 9 1135 90 
1/22/12 9 1126 89 
1/23/12 14 1117 88 
1/24/12 9 1103 87 
1/25/12 9 1094 86 
1/26/12 13 1085 85 
1/27/12 9 1072 84 
1/28/12 6 1063 83 
1/29/12 1 1057 82 
1/30/12 7 1056 81 
1/31/12 9 1049 80 
2/1/12 11 1040 79 
2/2/12 13 1029 78 
2/3/12 9 1016 77 
2/4/12 9 1007 76 
2/5/12 11 998 75 
2/6/12 7 987 74 
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2/7/12 6 980 73 
 2/8/12 7 974 72 
2/9/12 4 967 71 
2/10/12 3 963 70 
2/11/12 0 960 69 
2/12/12 0 960 68 
2/13/12 0 960 67 
2/14/12 6 960 66 
2/15/12 8 954 65 
2/16/12 12 946 64 
2/17/12 11 934 63 
2/18/12 11 923 62 
2/19/12 6 912 61 
2/20/12 6 906 60 
2/21/12 8 900 59 
2/22/12 9 892 58 
2/23/12 18 883 57 
2/24/12 13 865 56 
2/25/12 4 852 55 
2/26/12 6 848 54 
2/27/12 11 842 53 
2/28/12 12 831 52 
2/29/12 18 819 51 
3/1/12 14 801 50 
3/2/12 15 787 49 
3/3/12 10 772 48 
3/4/12 5 762 47 
3/5/12 6 757 46 
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3/6/12 7 751 45 
3/7/12 12 744 44 
3/8/12 16 732 43 
3/9/12 9 716 42 
3/10/12 9 707 41 
3/11/12 11 698 40 
3/12/12 16 687 39 
3/13/12 19 671 38 
3/14/12 19 652 37 
3/15/12 20 633 36 
3/16/12 19 613 35 
3/17/12 18 594 34 
3/18/12 21 576 33 
3/19/12 21 555 32 
3/20/12 22 534 31 
3/21/12 21 512 30 
3/22/12 21 491 29 
3/23/12 20 470 28 
3/24/12 15 450 27 
3/25/12 16 435 26 
3/26/12 18 419 25 
3/27/12 17 401 24 
3/28/12 19 384 23 
3/29/12 21 365 22 
3/30/12 19 344 21 
3/31/12 18 325 20 
4/1/12 18 307 19 
4/2/12 21 289 18 
112 
 










    
4/3/12 21 268 17 
4/4/12 20 247 16 
4/5/12 19 227 15 
4/6/12 15 208 14 
4/7/12 14 193 13 
4/8/12 16 179 12 
4/9/12 14 163 11 
4/10/12 14 149 10 
4/11/12 8 135 9 
4/12/12 9 127 8 
4/13/12 11 118 7 
4/14/12 17 107 6 
4/15/12 19 90 5 
4/16/12 22 71 4 
4/17/12 18 49 3 
4/18/12 14 31 2 
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